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1.0 INTRODUCTION 

Title I11 of the 1990 Clean Air Act amendments (CAA) 
requires the U. S. Environmental Protection Agency (EPA) to 
develop emission standards for 190 listed hazardous air 
pollutants (HAP'S). One of the initial activities the EPA must 
undertake in responding to Title I11 is to identify the source 
categories that warrant regulation. After creating a list of 
source categories, EPA must then establish priorities among them 
and develop regulations for these categories over a 10-year 
period. 

to be regulated under Section 112 of the Clean Air Act. 
Accordingly, for each subcategory of petroleum refinery HAP 
emissions, EPA must evaluate the baseline emission levels 
(including any existing controls), available control 
technologies, potential emissions reductions beyond baseline, and 
costs of control. Ultimately, EPA must decide which 
subcategories of petroleum refinery HAP emissions warrant 
regulation under Section 112. 
1.1 PROJECT OBJECTIVES 

Petroleum refining is among of potential source categories 

The overall objective of this project was to estimate 
petroleum refinery emissions of the 190 HAP'S listed in the CAA. 

The effort involved quantifying emissions from every refinery 
process unit for each of the following classifications: 
vents, equipment leaks, storage tanks, transfer operations, and 
wastewater collection and treatment. The goal was to develop 
emission factors for 1) each HAP, 2) total HAP'S, and 3 )  total 
volatile organic compounds (VOC). Furthermore, annual emissions 
of all HAP'S were to be determined for each refinery process and 
f o r  each individual refinery in the United States. 

process 
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1.2 DATA COLLECTION AND ANALYSIS METHODOLOGY 
The initial phase of the project involved collecting and 

assembling all currently available information for developing 
emission factors and emissions estimates. A search of the 
literature and available EPA databases was conducted for specific 
data on HAP'S from refinery processes, as well as for the HAP 
content of refinery streams, (feedstocks, intermediates, 
products, and wastewater). The databases maintained by EPA's 
Office of Water were reviewed for pertinent information in 
estimating HAP emissions from wastewater, sludge, and other 
wastes produced in refinery processes. The EPA's Toxic Release 
Inventory System (TRIS) was reviewed for each U. S. refinery and 
tabulated by the specific and total HAP constituents emitted from 
the refining industry. In addition, annual emissions from each 
refinery and the number of refineries reporting an emission of 
each HAP were summarized from the TRIS database. 

In the next phase, efforts focussed on data that would be 
available as a result of State/local agency air toxics 
initiatives. Specifically, it was known that the California air 
quality management districts were requiring data that would be 
potentially very useful to the project. Consequently, the 
specific information submitted by California refineries under 
California's Air Toxics "Hot Spots'' Information and Assessment 
Act of 1987 (AB 2588) served as the primary source of information 
f o r  the project. Compared to information collected in the 
initial screening activity discussed above, the AB 2588 data were 
judged to have the greatest potential for developing the 
speciated emission profiles necessary to quantify HAP emissions. 

Several regulatory agencies in California were contacted, 
including: California Air Resources Board (CARB),  South Coast 
Air Quality Management District (SCAQMD), Bay Area Air Quality 
Management District (BAAQMD), and Kern County Air Pollution 
Control District. Discussions with regulatory personnel 
indicated that the AB 2588 information was still being assembled 
and had undergone only minimal review by the various agencies. 
Therefore, it was decided that dealing directly with the 
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respective refiners would be the most efficient way to collect 
the AB 2588 data. 

California refiners were contacted to identify the specific 
information they have submitted under AB 2588. 
States Petroleum Association (WSPA) was contacted to facilitate 
industry contact and data collection. 
the project was industry methodology to quantify HAP emissions 
and actual test results (e.g., stack testing, stream HAP 
analyses). 
the AB 2588 reports submitted. 

to derive HAP emission factors and develop methodologies for 
extrapolating these factors to a national level. 
from the California refineries was complied into a database (the 
California Refinery Database) and emission factors were derived 
for each subcategory of emission sources. 
1.3 DATABASE LIMITATIONS 

The Western 

Of particular interest to 

Eight companies and 11 refineries were represented in 

The last phase of the study involved an analysis of the data 

Information 

There are a number of shortcomings in the California 
refinery database that limit the usefulness of the results of 
this study. 
subcategories of emission sources to allow for the development of 
highly reliable HAP emission factors for all subcategories. 
example, in some cases only one refinery reported HAP emissions 
for a particular emission source. Thus, the factors derived in 
these cases may not be representative of the entire industry. 
Specific details on the limitations of the database with respect 
to each emission source type (process vents, equipment leaks, 
etc.) are discussed in the relevant sections of this report. 

Additionally, the AB 2588 reports were not required to 
include several CAA HAP'S that are prevalent in refining 
operations. The missing HAP'S include hexane, methyl-ethyl 
ketone (MEX) methyl-tert-butyl-ether (MTBE), and 2-2-4, 
trimethylpentane (iso-octane). Thus, no HAP emission factors 
were derived for these important pollutants; and therefore, total 
HAP emission factors could not be determined. 

First, there were not enough data provided on all 

For 
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A second problem resulting from the database shortcomings 
was that not all project objectives were met. As indicated in 
Section 1.1, one goal was to develop nationwide HAP emission 
estimates for each emission source type. However, this was not 
possible because of the lack of representative emission factors 
for all emission source subcategories, coupled with a lack of 
sufficient data on certain key process parameters. For example, 
little information was provided on such key parameters as 
equipment counts by process unit, capacities of individual 
storage tanks, types of wastewater collection units present, and 
types of receiving vessels used to transfer products. 

Another goal that could not be met was to provide estimates 
of total volatile organic compound (VOC) emissions. The AB 2588 
reports included only the required compounds, not total VOC. 

information on emissions of a number of HAP'S from petroleum 
refining operations. The HAP emission factors listed in this 
report could certainly be used to perform screening assessments 
that would yield a rough estimate of HAP emissions for a given 
facility and assist in determining where additional data are 
needed. Additionally, the study does indicate the relative 
contribution to total HAP emissions by each emission source type. 

Despite these limitations, the study does provide useful 
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2.0 PROCESS VENTS AND COMBUSTION SOURCES 

2.1 BACXGROUND INFORMATION 
The major sources of atmospheric process emissions in 

petroleum refineries are sulfur recovery, fluid catalytic 
cracking (FCC) catalyst regeneration, and process 
heaters/boilers.l 
distillation, coking, reformer catalyst regeneration, 
blowdown/flare systems, and compressor engine exhaust. 

Other less significant sources include vacuum 

Sources of hazardous air pollutants (HAP'S) reported by 
California refineries in AB 2588 reports include process 
heaters/boilers, internal combustion engines and turbines, 
flares, incinerators, FCC units with and without CO boilers, 
sulfur recovery units, and coke handling. Information about 
other process emission sources, control technology, and potential 
emissions may be found in Assessment of Atmosoheric Emissions 
from Petroleum Refineries1 and AB 2588 Emission Estimation 
Techniaues for Petroleum Refineries and Bulk Terminals.2 
2.1.1 Process Heaters and Boilers 

Process heaters are used extensively in refining operations 

They are designed to raise temperatures 
to heat feed materials and supply heat to distillation operations 
and reaction processes. 
up to l,OOO°F. The fuel may be refinery fuel gas, natural gas, 
fuel oil, or oil/gas mixtures. 

is produced in boilers. 
fuel o i l ,  natural gas, or oil/gas mixtures. 

combustion emissions in a refinery. The type and quantity of 
emissions from this source depend on the operating conditions of 
the unit and the type of fuel burned, as well as the nature of 
the contaminants in the fuel. Reported HAP emissions from 
process heaters and boilers include acetaldehyde, benzene, 

Heat for refinery operations is also provided by steam that 
These boilers generally are fired by 

Process heaters and boilers are the greatest source of 
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formaldehyde, phenol, metals, radionuclides, and toluene, and in 
the metals category, arsenic, beryllium, cadmium, total chromium, 
hexavalent chromium, lead, manganese, mercury, nickel, and 
selenium compounds. 
2.1.2 Internal Combustion Enaines and Turbines 

Reciprocating and gas turbine engines are used to power 
high-pressure compressors or in cogeneration applications. They 
are usually fired with natural gas or refinery fuel gas. 
High-pressure compressors are used in refinery process units such 
as hydrodesulfurization, catalytic reforming, hydrocracking, and 
in auxiliary facilities. 

engines include acetaldehyde, benzene, formaldehyde, metals, and 
phenol. For natural gas-fired engines, reported HAP emissions 
include acetaldehyde, benzene, formaldehyde, toluene, and xylene. 
2.1.3 Flares 

The HAP emissions reported from process gas-fired compressor 

Flares in combination with blowdown systems are common to 
all petroleum refineries. Flares destroy gaseous emissions from 
the blowdown system by combustion. The gaseous emissions are 
hydrocarbon gases and other waste gas streams that are 
continuously or intermittently released from process equipment. 
The releases occur for various reasons, such as pressure control, 
emergency pressure relief, vent seal leaks, process equipment 
leaks, and release of noncondensable gases. 

composition of the gas being flared, the flow rate, and the flare 
type and design. There are elevated flares and enclosed 
ground-level flares. They may be designed for routine or 
emergency use. 

Reported HAP emissions from flares include acetaldehyde, 
benzene, ethylene dibromide, ethylene dichloride, and metals. 
2.1.4 Catalytic Crackins with CO Boilers 

The type and amount of flare emissions depends on the 

In catalytic cracking, catalysts are used to break down 
heavy oils into lighter products. Spent catalyst in fluidized 
catalytic cracking units (FCC) or moving-bed catalyst cracking 
units is transferred to a regenerator, where coke deposits are 
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removed from the surface of the catalyst by partial combustion. 
Because of incomplete combustion in the regenerator, the flue gas 
from the regenerator usually has a high carbon monoxide (CO) 
concentration. 

The CO emissions from FCC units regenerators are generally 
controlled using CO boilers. Furthermore, CO boilers recover 
energy contained in the flue gas to produce process heat for 
various refinery processes. 

Hazardous air pollutants that were reported in the process 
streams from catalytic crackers and CO boilers include benzene, 
formaldehyde, acetaldehyde, 1,3-butadiene, phenol, and metals. 
2.1.5 Sulfur Recovery Units 

Sulfur recovery units are used in petroleum refineries to 
convert hydrogen sulfide (H2S) to elemental sulfur. In recent 
years, the Claus process has been the accepted method for sulfur 
recovery. However, because this process is not totally efficient 
in producing elemental sulfur, tail gas from the sulfur recovery 
unit can be a major source of emissions. 

The tail gas from a Claus unit is incinerated before it 
passes to the atmosphere or is subjected to further treatment. 
Because the heating value of tail gas is low, auxiliary fuel is 
needed. Reported emissions from Claus tail gas incineration 
include carbonyl sulfide, carbon disulfide, benzene, and 
formaldehyde. 
2 . 2  METHOD FOR DEVELOPING HAZARDOUS AIR POLLUTANT EMISSION 

FACTORS FOR PROCESS VENTS AND COMBUSTION SOURCES 
The HAP emission factors for process vents and combustion 

sources were developed by compiling information from California 
refineries and generating correlations between HAP emissions and 
refinery process charge capacity, as explained below. 
2.2.1 California Refinery Process Vent and Combustion Source 

Database 

The minimum information required to set up the database for 
combustion sources was: 

e fuel type; 

' e  annual average emissions by HAP (lb/yr); 
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e fuel usage (Mbbl or MSCF); and 

0 refinery process assignment. 

For process vents, the minimum information was annual 
average emissions by HAP (lb/yr). Additional information about 
emission controls and estimation method was compiled when 
available. 

Seventeen HAP'S were reported as being released from process 
vents and combustion sources. Table 2-1 shows the various HAP'S 
per source type and fuel type (if applicable) reported by 
California refineries and included in the database. 

Tables 2-2 through 2-9 present the HAP emissions per process 
vent and combustion source type per refinery process reported by 
each of the 8 California refineries included in this database. 
Emissions data for refineries B, E, and H are not included in the 
database because refineries B and H did not report emissions data 
by HAP, and refinery E did not provide information to determine 
emissions data per refinery process. 
emissions by HAP from refinery process vents and combustion 
sources were obtained from Form ''PRO-Process and Emittents Data" 
used by California refineries to comply with AB 2588. 

The emission estimation method used and reported varied for 
the specific emission sources and HAP'S reported. 
emission estimations were based on South Coast Air Quality 
Management District (SCAQMD) emission factors, Bay Area Air 
Quality Management District (BAAQMD) emission factors, and other 
available emission factors. When available, data from mandated 
source testing and from the Western States Petroleum 
Association's (WSPA) pooled source testing were also used. 
Catalytic crackers, CO boilers, and fuel oil-fired boilers are 
sources that must be tested under AB 2588 regulations. 

The annual average 

In general, 

The HAP emissions from process vents and combustion sources 
reported by each refinery in the database are summarized in 
Table 2-10. Process heaters and boilers are the main 
contributors to process emissions. 
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2.2.2 DeveloDment of Hazardous Air Pollutant Emission Factors 
Based on an analysis of the tabulated emission data, HAP 

emission factors by refinery process were developed for each of 
the emission sources listed in Section 2.1. Emission factors 
expressed as lb/yr per 1,000 bbl/sday refinery process charge 
capacity were obtained. 

reported HAP emissions from each refinery (for a specific 
emission source, fuel type, and refinery process) by the total 
refinery process charge capacity of those refineries reporting 
the specific HAP. Types and capacities of refinery processes 
included in the database were taken from the Oil and Gas 
Journal's January 1990 Annual Refining Survey.3 

1,000 bbl/sday refinery process charge capacity developed for 
each refinery process included in the California refinery 
database. Refinery processes were assigned to each emission 
source using the general flow diagrams provided by the California 
refineries. 

Specific HAP emission factors were obtained by dividing the 

Table 2-11 presents the HAP emission factors as lb/yr per 

For combustion sources, additional emission factors 
expressed as lb/MMBtu are provided in Table 2-12. When the 
information from a California refinery did not include the Btu 
content for a specific fuel.type, the average value reported by 
all California refineries in the database was used. Furthermore, 
because of the lack of fuel usage data for some sources, actual 
emissions data reported by some California refineries were not 
included in the emission factor calculations. 

Because of the difficulty in identifying the refinery 
processes associated with a specific utility boiler or flare, 
only emission factors expressed as lb/MMBtu were developed. 

2.2.2.1 Analysis of Hazardous Air Pollutant Emission 
Factors flb/vr Der 1.000 bbl/sdav Drocess charse caDacitv1, The 
HAP emission factors for process vents and combustion sources 
range from 0.00022 to 27.9 lb/yr per 1,000 bbl/sday. The lowest 
emission factor is for mercury compounds (asphalt process heater 

gep.004 - -2-5 



firing process gas) and the highest emission factor is for 
toluene (alkylation-polymerization turbine firing process gas). 

For process heaters firing process gas, which was the most 
widely reported fuel type, the HAP'S emitted in the greatest 
amount per 1,000 bbl of refinery process charge capacity were 
formaldehyde and toluene. Toluene was the HAP with the highest 
emission factor in crude units, vacuum distillation, thermal 
operations, catalytic cracking, catalytic reforming, catalytic 
hydrocracking, catalytic hydrotreating, lubes, asphalt, and 
hydrogen processes. 
for the aromatics-isomerization process. 

For boilers firing process gas, the highest HAP emission 
factors were obtained for acetaldehyde, formaldehyde, and 
toluene. 

Formaldehyde had the highest emission factor 

For internal combustion (IC) engines and turbines using 
process gas, benzene, formaldehyde, and toluene were the HAP'S 
with the highest emission factors. 

the highest emission factors were obtained for manganese and 
nickel compounds. For FCC units without CO boilers, the largest 
emission factor was developed for phenol. 

the data used to develop the HAP emission factors varies, 
depending on the emission source and fuel type (applicable for 
combustion sources). In some cases, only one refinery reported a 
particular emission source and/or fuel type. 
useful in determining specific data representativeness. 

For FCC units with CO boilers firing process gas and CO gas, 

It is important to mention that the representativeness of 

Table 2-1 may be 

2.2.2.2 Analvsis of Hazardous Air Pollutant Emission 
Factors (lb/MMBtu). The HAP emission factors expressed as 
lb/MMBtu for process vents and combustion sources range from 
0.00671 x low6 to 2.82 lb/MMBtu. 
for phenol (FCC units with CO boiler firing fuel oil) and the 
highest emission factor is for manganese compounds (boiler firing 
fuel oil). 

pattern as the HAP emission factors expressed as lb/yr per 

The lowest emission factor is 

In general, these HAP emission factors follow the same 

gep. 004 - 2-6 



1,000 bbl/sday refinery process charge capacity. For IC engines 
and turbines using natural gas, the highest HAP emission factors 
were obtained for benzene and formaldehyde. For flares, toluene 
was the HAP with the highest emission factor. 
useful in determining specific data representativeness. 

Table 2-1 may be 
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TABLE 2-1. HAZARDOUS AIR POLLUTANT REPORTED FOR COMBUSTION SOURCES 
AND PROCESS VENTS BY EACH REFINERY 

HAP Process heaters. ~ o i  tersb I C  Enginesc 1urbincsc FLaresC 

Acetaldehyde 

As C a r p o r n d s  

Benzene 

Be C o n p a n d s  

carpourds 

C r  C o n p a n d s  

Cresols 

Formaldehyde 

Pb C a r p o r n d s  

ns c#npovds 

Hg carpornds 

Nepthatene 

M i  Canpounds 

Phem t 

Se Canpounds 

Totlnnc 

X y l m  

J 

A 

A 

A 

A, J 

A 

A 

A, J 

J 
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TABLE 2-1. (Continued) 

HAP Incineratorsd FCW w/CO boiler' FCW u/o CO boiler* !Sulfur recovery units Coke handling 

ACet8ldchyde 

As C o n p a n i S  

Benzene 

Be C a p o u d s  

(3 conpouwtg 

C r  C a r p o v d s  

Cresols 

Formaldehyde 

Pb C w  

n9 carpounrfs 

Hg C a p a u d s  

Napthatme 

X i  C w  

Pheno L 

Se Ccnpovds 

Toluene 

Xylene 

I 

K 

aprocess gas, natural gas and fuel o i l .  

bprocess gas, natural gas, fuel o i l ,  and others. 

CProcess gas and natural gas. 

dprocess gas. 

9rocess gas, CO gas, fresh feed, 4 fuel o i l .  

gep. 004 
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3.0 EQUIPMENT LEAKS 

3.1 BACKGROUND INFORMATION 
There are many potential sources of hazardous air pollutant 

( H A P )  emissions from leaking equipment in a petroleum refinery. 
The major sources are valves, pumps, compressors, pressure relief 
valves, and flanges.1 
3.1.1 Valves 

Valves are one of the most common pieces of equipment in 
refineries. Several types of valves are used, all of which are 
activated by a valve stem that opens and closes the throughput 
pathway. The valve stem requires a seal to isolate the stream 
flowing through the valve from the atmosphere. The possibility 
of a leak through this seal makes it a potential source of HAP 
emissions.1 

Valves in a refinery are differentiated by the type of 
stream flowing through them: gas, light liquid, or heavy liquid. 
Light liquid streams are those with a vapor pressure greater than 
the vapor pressure of kerosene (0.3 kPa at 2OoC). Heavy liquid 
streams are those with a vapor pressure less than the vapor 
pressure of kerosene. 
3.1.2 PURS and ComDressors 

Pumps and compressors are used in petroleum refineries for 
the movement of liquids and gases, respectively. Pumps are 
divided into light liquid and heavy liquid stream pumps, while 
compressors are used for gases only. Pumps and compressors can 
leak at the contact between the moving shaft and the stationary 
casing. Seals are required to isolate the liquid or gas flowing 
through the equipment from the atmosphere. The possibility of a 
leak through the seal makes pumps and compressors a potential 
source of HAP emissions.1 
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3.1.3 Pressure Relief Valves 
Engineering codes require that pressure relief devices be 

used in applications where the process pressure may exceed the 
maximum allowable working pressure in the vessel. The most 
common type of pressure relief device is the pressure relief 
valve (PRV). Typically, PRV's are designed to open when the 
process pressure exceeds a set pressure, allowing the release of 
vapors or liquid until the system pressure is reduced to normal 
operating levels. 
the PRV closes down and a seal is formed. The possibility of a 
leak through the seal or a loose fitting when the PRV is closed 
makes pressure relief valves a source of VOC emissions.1 
3.1.4 Flanaes 

When the system pressure returns to normal, 

Flanges are bolted, gasket-sealed junctions that are used 
wherever pipe or other equipment, such as reaction vessels, may 
require isolation or removal. 
emission sources when leakage occurs because of improperly chosen 
gaskets or a poorly assembled flange. 
flange leakage is due to thermal stress, which results in the 
deformation of the seal between the flange faces and allows a 
venue for emissions to occur.1 
3.2 METHOD FOR DEVELOPING HAZARDOUS AIR POLLUTANT EMISSION 

Flanges may become VOC fugitive 

The primary cause of 

FACTORS FOR LEAKING EQUIPMENT 
Equipment leak emission factors were developed for each 

Correlations were generated between speciated HAP 
equipment type by compiling information from the California 
refineries. 
emissions and equipment component counts. 
3.2.1 California Refinerv Eauiment Leak Database 

Ideally, emission factors for leaking petroleum equipment 
would be based on the composition of streams flowing through each 
piece of equipment. However, this information was not available 
from the California Refinery Database. 

An alternative emission factor estimation method was 
developed based on the average emissions of HAP'S reported by 
California refineries complying with the Air Toxics "Hot Spots" 
Illformation and Assessment Act of 1987 (AB 2 5 8 8 ) .  For this 

gep. 004 3-2 



approach, the minimum information necessary for calculating 
emission factors for leaking equipment was: 

0 the HAP emissions by service type by process unit; and 

0 the component count by service type by process unit. 

Only two refineries met these criteria and, therefore, the 
equipment leak database is comprised of these two data sets. 
Table 3-1 presents the equipment counts by service type by 
process unit for both refineries. Tables 3-2 and 3-3 present the 
HAP emissions by source type by process unit reported by the 
refineries included in the database (Refineries C and I, 
respectively). Table 3-4 presents the HAP emissions reported by 
the remaining California refineries submitting data. 
3.2.2 Develomnent of Hazardous Air Pollutant Emission Factors 

Hazardous air pollutant emission factors were developed to 
characterize the equipment leak database. The HAP emission 
factors were generated by dividing the specific HAP emissions 
reported by each refinery for a specific process by the equipment 
counts by service type reported for that particular process. The 
average HAP emissions factors were then calculated from the two 
data sets. Table 3-5 presents the average HAP emission factors 
(in lbs/yr/1,000 equipment counts) for each process unit. 
3.2.3 Database Limitations and Variability 

The equipment leak database has some significant gaps. 
Neither Refinery C or I reported equipment count or HAP emission 
information on aromaticsfisomerization or coking processes; 
therefore, HAP emission factors could not be calculated for these 
processes. Information on catalytic hydrocracking, catalytic 
hydrorefining, lubes, and asphalt processes was only reported by 
Refinery C. Hazardous air pollutant emission factors for these 
processes were generated from this refinery only. 

compressors for catalytic hydrocracking, alkylation, lubes, 
asphalt, or sulfur units. Refinery I did not report compressor 
component counts for crude, thermal, catalytic reforming, 
hydrogen, or sulfur units; PRV's for catalytic reforming and 

Refinery C did not report pumps for sulfur units or 
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sulfur units; or light liquid pumps for vacuum distillation, 
hydrogen, and sulfur units. 

Seven HAP chemicals (benzene, toluene, xylene, cresol, 
1,3-butadiene, ethyl-benzene, naphthalene) were reported by 
Refinery C. Refinery I only reported benzene, toluene, xylene, 
and 1,3-butadiene. The California refineries not included in the 
database reported 23 different HAP'S among them. Refinery C did 
not report any HAP emissions from gas valves or compressors, and 
only reported naphthalene as being emitted from heavy liquid 
valves and pumps. Refinery C only reported 1,3-butadiene 
emissions from its hydrogen unit. Refinery I only reported 
1,3-butadiene emissions for gas valves and compressors. Because 
of lack of data, large gaps occur when calculating the HAP 
emission factors. 
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4 . 0  STORAGE TANXS 

4.1 BACKGROUND INFORMATION 
4.1.1 Tvr, es of Storaqe Tanks 

Most storage tanks at petroleum refineries are comprised of 
three basic tank designs: fixed roof, external floating roof, 
and internal floating roof. Some general information about the 
design of these tanks and their emissions is provided below. 
Additional information about storage tanks can be found in 
AP-42. 

4.1.1.1 Fixed Roof Tanks. This type of tank is generally 
considered the minimum acceptable equipment design for storage of 
petroleum liquids. It consists of a cylindrical steel shell with 
a permanently affixed roof and is commonly equipped with a 
pressure/vacuum valve. 

losses and working losses. Breathing loss is the expulsion of 
vapor from a tank through vapor expansion and contraction due to 
changes in temperature and barometric pressure. This loss occurs 
without any liquid level change in the tank. 

Working loss is the combined loss from filling and emptying 
the tank. Filling loss occurs during an increase of the liquid 
level in the tank, when the pressure inside the tank exceeds the 
relief pressure and vapors are expelled. Emptying loss occurs 
when air drawn into the tank during liquid removal becomes 
saturated with organic vapor and expands, thus exceeding the 
vapor space capacity. 

Fixed roof emissions vary as a function of tank size, vapor 
pressure of the stored petroleum liquid, turnovers per year, and 
meteorological conditions at the tank location. 

roof tanks consist of a cylindrical steel shell with a roof 
floating on the surface of the stored petroleum liquid. There is 

Two types of emissions from fixed roof tanks are breathing 

4.1.1.2 External Floatins Roof Tanks. External floating 
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an annular rim seal attached to the perimeter of the tank, with 
roof fittings for operational functions. Current external 
floating roof designs are pan-type, pontoon-type, and double 
deck-type roofs. 

(upper) seal. The primary seal may be either a metallic shoe 
seal, a liquid-mounted seal, or a vapor-mounted seal. Secondary 
seals may be rim-mounted or shoe-mounted. 

standing storage losses and withdrawal losses. 
losses include rim seal losses and deck fitting losses. 
Withdrawal loss  occurs as the liquid that clings to the tank wall 
is exposed to the atmosphere and vaporizes when the floating roof 
is lowered by withdrawal of the stored liquid. 

4-1.1.3 Internal Floatincr Roof Tanks. An internal floating 
roof tank has both a permanent fixed roof and a floating deck 
inside. There are two basic types of internal floating roof 
tanks: 1) tanks in which the fixed roof is supported by vertical 
columns within the tank, and 2) tanks with a self-supported fixed 
roof and no internal support columns. 

closure device, such as a foam-or liquid-filled seal, two seals 
(primary and secondary) mounted one above the other, or a 
mechanical shoe seal, between the wall and the internal roof. 

sum of standing losses and withdrawal losses. 
losses include rim seal losses, deck fitting losses, and deck 
seam losses. 
4.1.2 TvPes of Petroleum Liauid Stored in Tanks 

divided into three categories: 1) crude oil, 2) high vapor 
pressure petroleum liquids, and 3 )  low vapor pressure petroleum 
liquids. 
on vapor pressure and tank size, there are common storage 
practices for specific petroleum liquids. 

Floating roofs may have a primary (lower) and a secondary 

Emissions from external floating roof tanks are the sum of 
Standing storage 

Internal floating roof tanks are equipped with a continuous 

Total emissions from internal floating roof tanks are the 
Standing storage 

Petroleum liquids stored at petroleum refineries may be 

Because most state regulations base their requirements 
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Crude oil has a wide range of vapor pressures and is usually 
stored in large external floating roof tanks. High vapor 
pressure petroleum liquids, such as naphtha, jet naphtha (JP-4), 
benzene, and gasoline, are commonly stored in large internal 
floating roof tanks. Low vapor pressure petroleum liquids, such 
as distillate fuel oil, heavy gas oil, and residual fuel oil, are 
generally stored in fixed roof tanks.2 
4.2 METHOD FOR DEVELOPING HAZARDOUS AIR POLLUTANT EMISSION 

FACTORS FOR STORAGE TANXS 
The methodology used for developing speciated hazardous air 

pollutant ( H A P )  emission factors for refinery storage tanks 
involved compiling information from the California refinery 
database and developing correlations between HAP emissions and 
specific refinery process unit charge capacity, as discussed 
below. 
4.2.1 California Refinery Storase Tank Database 

The minimum information required for a specific storage tank 
to be included in the California refinery database was: 

0 type of tank; 

0 type of petroleum liquid stored; and 

0 annual average emissions by HAP (lbs/yr) (total loss). 

Additional information about storage capacity; throughput; 
seal design; breathing, standing, working, and withdrawal losses; 
and refinery process was compiled when available. The California 
refinery database is comprised of 487 storage tanks. The tank 
types in this database include fixed roof, external floating 
roof, and internal floating roof tanks. 

Table 4-1 presents the petroleum liquids included in the 
California refinery database and the refinery process unit to 
which each liquid was assigned. 

The annual average emissions by HAP were obtained from Forms 
"PRO-Process and Emittents Data" used by California refineries to 
comply with Air Toxics IqHot Spotstq Information and Assessment Act 
of 1987 (AB 2588). These emissions were calculated using AP-42 
equations for total VOC emissions, and then coupled with 
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composition data obtained for refinery streams. Fourteen HAP'S 
were reported as being released from storage tanks. 
benzene, toluene, and xylene were reported by all refineries 
comprising the California database. Table 4-2 shows the various 
HAP'S reported by each refinery included in the database. 

Tables 4-3 through 4-10 present the HAP emissions from 
storage tanks reported by each of the 8 California refineries 
included in the database. 

Only 

Table 4-11 presents a summary of the reported number of 
tanks by petroleum liquid type from California refineries in the 
database. External floating roof storage tanks was the tank type 
most represented in the database. 
4.2.2 DeveloRment of Hazardous Air Pollutant Emission Factors 

Tank emission factors by petroleum liquid and tank type were 
developed on the basis of the respective refinery process charge 
capacity. 

The assignment of storage tanks to a specific refinery 
process was made according to the scheme listed in Table 4-1. 
With some petroleum liquids, it was possible to assign tanks to a 
specific process. For example, reformate can be assigned to the 
catalytic reforming unit and xylene can be assigned to the 
aromatics unit. However, with blended hydrocarbon products 
(gasolines, diesel fuels, jet fuels, and fuel oils) it was 
difficult to assign the tanks to a specific unit because more 
than one unit is involved. For example, gasoline is typically a 
blend of various petroleum liquid fractions: reformate, 
alkylate, straight-run gasoline, thermally cracked gasoline, 
catalytically cracked gasoline, coker gasoline, isomerate, and 
butane. Therefore, the crude unit was selected as a default when 
a specific refinery process unit could not be assigned. 

Tank emission factors for each HAP were obtained by dividing 
the reported HAP emissions from each refinery (for a specific 
petroleum liquid and tank type) by the total refinery process 
charge capacity of those refineries reporting the specific HAP. 
Information on types and capacities of refinery processes 
included in the database were identified using the Oil and Gas 
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Journal's January 1990 Annual Refining Survey.3 

Table 4-12 presents tank emission factors for 14 HAP'S by 
petroleum liquid and tank type expressed as lb/yr per 
1,000 bbl/sday refinery process capacity. 

factors by HAP range from 4.43 x to 26.3 lb/yr per 
1,000 bbl/sday. The lowest emission factor is for phenol (fixed 
roof tanks storing others) and the highest emission factor is for 
toluene (fixed roof tanks storing toluene). 

For tanks storing gasoline, toluene was the HAP with the 
highest emission factor. 

4.2.2.1 Analvsis of Tank Emission Factors. Tank emission 
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TABLE 4-1. LIST OF PETROLEUM LIQUID TYPES AND 
REFINmY PROCESS ASSIGNMENT 

Petroleum liquid type Refinery process 

Alkylate 

Crude 

Diesel/distillate fuel 

Gasoline 

Jetlkerosene 

Xerosene 

Naphtha 

Others 

Ref ormate 

Residual fuel oil 

Slop oil 

Toluene 

Xylene 

Alkylation 

Crude 

Crude 

Crude 

Crude 

Crude 

Crude 

Crude 

Catalytic reforming 

Crude 

Crude 

Aromatics 

Aromatics 
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TABLE 4-2. HAZARDOUS AIR POLLUTANTS REPORTED BY 
EACH REFINERY INCLUDED IN DATABASE 

HAP Refinery 

Benzene 

Carbon tetrachloride 

Chlorobenzene 

Chloroform 

Cresol 

1,4 Dioxane 

Ethylene dichloride 

Ethylene dibromide 

Glycol ethers 

Naphthalene 

Phenol 

Styrene 

Toluene 

Xylene 

Note: Refinery C did not report any HAP emissions from storage 
tanks. 
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TABLE 4-11. REPORTED NUMBER OF TANKS BY PETROLEUM 
LIQUID TYPE 

Tank TvPe 
External Internal 

Fixed floating floating 
Petroleum liquid type roof roof roof Total 

Alkylate 

Carbon tetrachloride 

Curde 

Diesel/distillate fuel 

Gasoline 

Jet/kerosene 

Jet napththa 

Naphtha 

Others 

Ref ormate 

Residual fuel oil 

Slop oil 

Toluene 

Xylene 

18 

16 

28 

18 

8 

2 

24 

37 

1.3 

125 

26 

19 

30 

59 

6 

3 

15 

1 

22 

2 
4 - 

1 

1 

57 

29 

175 

46 

27 

35 

84 

6 

3 

17 

5 

1 

Total 121 335 31 487 

Percent of total 24.8 68.8 6.4 
number of tanks 

gep. 004 
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5.0 WASTEWATER COLLECTION AND TREATMENT 

5.1 BACKGROUND INFORMATION 
Wastewater is generated by many different petroleum refinery 

processes and collected by a plant-wide oily water sewer system. 
It then enters a treatment system in order to remove oils and 
solids from the water. The specific design of a wastewater 
treatment system depends on the quantity of wastewater generated, 
the contaminant concentration, and the desired level of 
treatment. Some wastewater collection and treatment units may be 
open to the atmosphere, thus providing a source for hazardous air 
pollutant (HAP) emissions. 
5.1.1 Sources of Refinery Wastewater 

9 

Refinery wastewater can be generated through direct contact 
with organic compounds from refinery processes or through 
indirect contact with organic compounds. 
contact wastewater inc1ude:l 

Sources of direct 

e water used to wash impurities from products or 
reactants; 

e water used to cool or quench vapor streams; 

e water used as a carrier for catalyst or caustic 
solutions; 

a water formed as a by-product during reactions; 

e condensed steam from jet eductor systems; and 

e condensed stripping steam. 

Although indirect contact wastewater streams do not come in 
contact with organic compounds in process equipment, the 
potential exists for organic contamination of these wastewater 
streams. 
a result of leaks from heat exchangers, condensers, and pumps. 

Indirect contact wastewater may become contaminated as 
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Direct and indirect contact wastewaters are combined and 
transported to a wastewater treatment plant. 
5.1.2 DescriDtion of Wastewater Collection and Treatment Units 

A wastewater collection and treatment system is generally 
comprised of the following units: 

0 drainage and collection system; 

0 primary treatment units for oil removal; 

0 intermediate treatment units for further oil removal; 
and 

0 secondary treatment units for final control. 

5.1.2.1 Drainaae and Collection Svstem. In a typical 
refinery, wastewater is collected by individual drains that feed 
into the main process sewer line. 
the atmosphere and provide a venue for HAP'S to be eaitted. 
Drains may be dedicated to one piece of equipment or serve 
several sources. The sewer line carries the wastewater to 
downstream collection units, such as junction boxes, sumps, and 
lift stations. Junction boxes serve as a point of convergence 
for sewer lines, and sumps are typically used for collection and 
equalization of wastewater flow; both may be open to the 
atmosphere. Wastewater may then be discharged to a lift station 
where it is pumped to the treatment system.2 

collection system include the physical dimensions of each 
collection unit, climatic factors, physical and chemical 
characteristics of the HAP'S in the wastewater stream, and the 
stream flow rate.2 

Drains are normally open to 

Factors affecting HAP emissions from the drainage and 

5.1.2.2 Primarv Treatment Units. Primary treatment units 
serve as the initial means to separate solids and hydrocarbons 
from wastewater. The most common primary treatment units are 
oil-water separators and air flotation units. 

water is frequently the first step in wastewater treatment. 
Oil-water separators use gravity to remove solids and oils 
contained in the wastewater. 

5.1.2.2.1 Oil-water seDarators. Separating oil from the 

Oils and pollutants with specific 
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gravities less than water float to the top and are skimmed off. 
Most of the organics contained in the wastewater tend to 
partition to the oil phase; therefore, the wastewater leaving the 
oil-water separator is reduced in organic loading. 

Emissions from oil-water separators are determined by the 
characteristics of the wastewater and oil layers, ambient wind 
speed, and the design characteristics of the separator.2 

There are several different types of separators. The most 
common are American Petroleum Institute (API) separators and 
corrugated plate interceptors (CPI). The API separators use 
skimmers to remove oil before it enters a quiescent zone, where 
oil droplets coalesce. Oil droplets are then skimmed from the 
water surface again at the downstream end of the separator. 
Corrugated plate interceptors use parallel plates which allow oil 
droplets to coalesce and form a floating layer that & skimmed 
from the water. 

5.1.2.2.2 Air flotation svstems. Air flotation is commonly 
used to remove free oil, colloidal solids, emulsified oil, and 
suspended solids after the oil-water separation process. In air 
flotation systems, bubbles are formed by introducing air directly 
into the wastewater. The bubbles attach to oils and solids in 
the wastewater, causing the density of these substances to be 
less than the density of the liquid. Oils and solids then rise 
to the top of the flotation system, where they are removed.1 

refineries: dissolved air flotation systems (DAF) and induced 
air flotation systems (IAF). Both rely on basic air flotation 
principles for removing oils and solid, but they have a number of 
mechanical and structural differences. A DAF system is 
characterized by relatively quiescent flotation, high retention 
times, and small quantities of air dissolved in the wastewater. 
An IAF is a more turbulent system, has lower retention times, and 
uses large quantities of air.1 

oil-water separation and air flotation, wastewater streams can be 

Two types of air flotation systems are used in petroleum 

5.1.2.3 Intermediate Treatment Processes. Following 
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a 

further treated by a number of processes, such as 
coagulation-precipitation, filtration, and equalization. 

Coagulation-precipitation is the process by which chemical 
coagulants are added to wastewater in order to break oily 
emulsions. The coagulant reduces the charge repulsion between 
particles and allows them to combine and form larger particles 
that settle or float by gravity in a precipitation or 
sedimentation tank, where they are removed.1 

have been developed for removing free and emulsified oil from 
refining wastewaters. These filters range from units using a 
simple sand medium to those containing media, such as carbon, 
that exhibit specific affinities for oil. 

5.1.2.3.1 Coaaulation-precipitation. 

5.1.2.3.2 Filtration. Several types of filtration devices 

The filtering medium is usually contained withi$ a basin or 
tank and is supported by an underdrain system that allows the 
filtered water to be drawn off, while retaining the filter medium 
in place. 

balance the quantity of wastewater before further treatment. 
Equalization basins minimize the effects of large periodic 
discharges on downstream treatment processes. 
processes, as well as physical-chemical systems, operate more 
efficiently under regulated flow conditions.1 

5.1.2.3.3 Eaualization. Flow equalization is used to 

Biological 

The size of the equalization system depends on the storage 
capacity required. 
conditions in the wastewater, thus alleviating odor problems. 

5.1.2.4 Secondary Treatment Processes. Secondary treatment 
processes are used to remove dissolved organics through oxidative 
decomposition by microorganisms. 
at a refinery are determined by the flow and contaminant 
characteristics of the wastewater to be treated. Frequently used 
secondary treatment processes include activated sludge, trickling 
filters, oxidation ponds, and rotating biological contactors. 

They are often aerated to maintain aerobic 

The particular processes used 

Clarifiers are used to remove suspended solids by gravity 
separation; they always follow biological treatment systems. 
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5.2 METHOD FOR DEVELOPING HAZARDOUS AIR POLLUTION EMISSION 
FACTORS FOR WASTEWATER COLLECTION AND TREATMENT PROCESSES 
Wastewater emission factors were developed for each 

collection and treatment process by compiling information from 
California refineries. Correlations were generated between 
hazardous air pollutant (HAP) emissions from treatment units and 
the wastewater flow entering each treatment unit. 
5.2.1 California Refinerv Wastewater Collection and Treatment 

Ideally, HAP emissions from wastewater collection and 
treatment units should be based on the composition and physical 
characteristics of a wastewater stream and mass transfer models 
representing each collection or treatment unit. However, the 
California Refinery Database does not contain speciated 
wastewater composition data for individual wastewater streams. 

based on the average emissions of HAP'S reported by California 
refineries complying with the Air Toxics ItHot Spotstt Information 
and Assessment Act of 1987 (AB 2588). For this approach, the 
minimum information necessary for calculating emissions from 
wastewater collection 'and treatment systems was: 

Database 

An alternative emissions estimation method was d%veloped 

0 the specific HAP emissions from each wastewater unit; 

0 the throughput entering each wastewater unit; and 

0 the charge capacity of each refinery process unit. 

Information form all but two refineries reporting HAP emissions 
from wastewater collection and treatment units met this 
criterion. 

Table 5-1 presents emissions information from treatment 
units reported by each refinery. 
wastewater flow entering each treatment process reported by the 
refineries. 
5.2.2 Development of Hazardous Air Pollutant Emission Factors 

Table 5-2 presents the 

The HAP emission factors were generated by dividing the 
specific HAP emissions reported by each refinery for each 
wastewater unit by the throughput entering each wastewater unit. 
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Average HAP factors were calculated from the refineries reporting 
applicable data. 
factors (in lb/106 gallons). 
5.2.3 Total Wastewater Generated from Refineries 

Table 5-3 presents the average HAP emission 

The total wastewater generated by refineries nationwide can 
be estimated using factors developed in a previous study of 
wastewater generation in refineries.3 
factors used to calculate total wastewater generated. Table 5-5 
presents the total wastewater generated from the California 
refineries, based on the generation factors and process 
capacities found in the Oil and Gas Journal.4 
5.3 DATABASE LIMITATIONS 

Table 5-4 presents the 

The wastewater database has some obvious inadequacies. No 
collection units and only six treatment units were reported by 
all of the refineries. The only treatment unit reporaed by all 
of the refineries was the oil-water separator. However, five 
refineries did not report any other treatment units after 
oil-water separation. 
and sumps as part of the treatment system. However, none of them 
reported the wastewater flow entering open ponds or sumps. 
refineries reported miscellaneous unspecified treatment units. 
The data on treatment units are lacking. 

(1,4-dioxane, styrene, PAH, cresols, chloroform, chlorobenzene, 
ethylene dichloride, ethylene dibromide, phenol, 1,3-butadiene, 
arsenic, anthracene, benzopyrene, formaldehyde, and mercury) were 
reported by only one refinery. 
5.3.1 Hazardous Air Pollutant Emission Factors 

Only one refinery reported equalization 

Two 

A total of 23 pollutants were reported. However, 15 of them 

The HAP emission factors listed in Table 5-3 are not 
representative of the number and quantity of HAP'S reported for 
each treatment unit because of the lack of flow data. 
Refineries B, H, and I did not report flows for some of the units 
they reported emissions from. Therefore, these units were not 
used to develop the HAP factors. 
such as 1,3-butadiene, were reported, but HAP emission factors 

Emissions of several chemicals, 
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were not calculated because the respective refineries did not 
report wastewater flow. 
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6.0 TRANSFER 

6.1 BACKGROUND INFORMATION 
The primary source of hazardous air pollutant (HAP) 

emissions from transfer operations is evaporative loss during 
transport vessel loading. 

Stored petroleum products are pumped through metered loading 
areas, called loading racks, and into transport vehicles such as 
tank trucks, railcars, and marine vessels. Loading racks contain 
the equipment (pumps, meters, and piping) necessary to fill 
delivery tank vessels with liquid products. Refineries typically 
utilize anywhere from 2 to 10 rack positions, dependilPlg on their 
throughput capacity. Each loading rack typically has from one to 
four loading arms, depending on the products available for 
loading at the rack position. 
or be dedicated to one specific chemical.1 
6.1.1 Emissions from Loadins Losses 

Racks may service many chemicals 

Loading losses occur as organic vapors in Iremptyra cargo 
vessels are displaced to the atmosphere by the liquid being 
loaded into the vessels. These vapors are a composite of three 
factors: 
residual product from previous loads, vapors transferred to the 
vessel in vapor balance systems as product is unloaded, and 
vapors generated in the vessel as the new product is being 
loaded. 2 

the vapors formed in the empty vessel by evaporation of 

The quantity of loading losses from loading operations 
physical and chemical depends on the following parameters: 

characteristics of the previous cargo, method of unloading the 
previous cargo, method of loading the new cargo, and the physical 
and chemical characteristics of the new cargo. 

6.1.1.1 Product Characteristics. The emissions of each 
constituent present in refinery products are largely dependent on 
their vapor pressures. Constituents with high vapor pressures 
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tend to volatilize more readily. Other characteristics that 
contribute to emissions are concentration of the chemical in the 
product, molecular weight of the chemical, flow rate of the 
liquid stream being transferred, and the temperature and pressure 
of the liquid being transferred. 

6.1.1.2 Methods for Loadina and Unloadinq. Material 
loading may be performed using either splash, top submerged, or 
bottom loading methods. In splash loading, the fill pipe 
dispensing the cargo is lowered only partway into the cargo 
vessel. This method creates considerable turbulence during 
loading and can create high levels of vapor mist, resulting in 
higher emissions. If the turbulence is great enough, liquid 
droplets will be entrained in the vented vapors.2 

method, the fill pipe extends almost to the bottom OS the cargo 
vessel. During most of submerged loading the fill pipe opening 
is below the liquid surface level. This substantially reduces 
turbulence, which in turn reduces vapors and consequently, 
emissions. 

A second method of loading is submerged loading. In this 

In bottom loading, products are loaded into the cargo vessel 
from the bottom of the tank. As with submerged loading, the fill 
pipe is below the liquid surface level most of the time, thereby 
reducing turbulence and vapor generation. 

6.1.1.3 Recent Loadins History. If a vessel has carried a 
nonvolatile liquid or has just been cleaned, it will contain 
vapor free air. If the vessel is connected to a vapor balance 
system or has just carried gasoline or another volatile refinery 
product and has not been vented, the air in the carrier vessel 
will contain volatile organic vapors, which are expelled during 
the loading operations along with newly generated vapors.2 
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6.1.2 Other Emission Sources 

of petroleum liquids from marine vessels are ballasting 
operations. 
vessel's cargo tank compartments to improve its stability during 
voyage. 
IIemptygt cargo tank is displaced to the atmosphere by ballast 
water being pumped into the tank. 
loading port, the.balfast water is pumped from the cargo tanks to 
a tank on shore before new cargo is loaded. The ballasting of 
the cargo tanks reduces the quantity of vapors returning in the 
empty tank, thereby reducing the quantity of vapors emitted 
during the subsequent tanker loading.2 
6.2 METHOD FOR DEVELOPING HAZARDOUS AIR POLLUTANT EMISSION AND 

A major source of emissions associated with the unloading 

Ballast is water that is loaded into the marine 

Ballasting emissions occur when the vapor space in the 

Upon arrival at the next 

THROUGHPUT FACTORS FOR TRANSFER OPERATIONS 
Transfer factors relating emissions to refinery capacity 

I 

were developed by compiling information from the California 
refinery database. Correlations between the speciated hazardous 
air pollutant (HAP) emissions and throughput per transport mode, 
as well as between throughput per transport mode and crude charge 
capacity, were generated. 
6.2.1 California Refinerv Transfer Database 

Ideally, emissions from transfer operations would be based 
on the composition and characteristics of the streams flowing 
into the transport vessel, the method of loading, the capacity 
transferred, the number of loading arms and loading racks, and 
the AP-42 transfer equations. However, the data necessary for 
this type of calculation were not available. 

based on the average emissions of HAP'S reported by California 
refineries complying with the Air Toxics "Hot Spotstt Information 
and Assessment Act of 1987 (AB 2588). For this approach, the 

An alternative method for estimating emissions was developed 

gep. 004 6-3 



minimum information necessary for calculating emissions from 
transfer operations was: 

0 throughput for each transport mode; 

0 specific HAP emissions from each transport mode; and 

0 crude charge capacity of each refinery. 

Information from only five refineries met these criteria. These 
refineries' reported annual throughputs per emission source are 
presented in Table 6-1. Table 6-2 presents the HAP emissions 
from all the reporting California refineries. Several refineries 
were not included in developing HAP emission and throughput 
factors because of lack of throughput data. 
6.2.2 Develorsment of Emission Factors 

Two factors were developed to characterize the transfer 
database: the HAP emission factor, and the throughpu"t factor. 
Both are based solely on data reported from the California 
refineries. 

6.2.2.1 Hazardous Air Pollutant Emission Factor. The HAP 
emission factor was generated by dividing the specific HAP 
emissions reported by each refinery for each transport mode by 
the throughput entering the transport mode. Average HAP factors 
were calculated from the refineries reporting applicable HAP 
data. Table 6-3 presents the average HAP emission factors (in 
lb/yr/l06 gallons of throughput). 

developed by dividing the throughput entering each transport mode 
by the crude charge capacity in each refinery. Average 
throughput factors were calculated from the refineries reporting 
applicable throughput data. Table 6-4 presents the annual 
average throughput factors (in lo3 gal/yr/bbl/sday) for each 
transport mode. The crude charge capacities were taken from the 
Oil and Gas Journal.3 
California Refinery Database. 

6.2.2.2 Throuahrsut Factor. The throughput factor was 

The throughputs were supplied from the 
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6.3 DATABASE LIMITATIONS 
The transfer database has several significant gaps. 

Gasoline was not reported as being transported by railcar, and 
only one refinery reported the transportation of C3's, jet fuel, 
toluene, and xylene. Therefore, these data may not be 
representative of transfer mechanisms of refineries throughout 
the United States. 

Sixteen HAP'S were reported from all the refineries in the 
California refinery database; however, no more than 12 were 
reported by any one refinery, and several of the HAP'S were 
reported by only one refinery. 
6.3.1 Hazardous Air Pollutant Emission Factor 

Because of the lack of data, no HAP factors were developed 
for C4 loading in any of the transfer modes. Hazardous air 
pollutant emission factors for railcar loading were 14mited to 
one pollutant (1,3-butadiene) for one refinery product (C3's). 
Emission factors for six refinery products were generated for 
tank truck loading. However, three of the products have an 
emission factor for only one pollutant, and two have factors for 
only two pollutants. 
6.3.2 ThroushPut Factor 

Tank truck loading contains the most complete throughput 
factors. Only three refinery products (gasoline, diesel, and jet 
fuel) have factors for marine loading, and only C4's and C3's 
have a throughput factor for railcar loading. 
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TABLE 6-4. ANNUAL THROUGHPUT FACTOR 
(103 gal/yr/bbl/sday crude charge) 

Material 
processed 

Railcar 
loading 

Tank truck 
loading 

Marine 
loading 

Gasoline 2.29 .905 

Diesel . 8  5.85 

C3's 

C4'S 

.0025 

.lo5 

0.0717 

0.0061 

Jet Fuel 0.01 0.0426 

Toluene 0.0099 

Xylene 0.0072 
-% 

- Note: A blank entry indicates throughputs were not reported. 
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7.0 TOXIC CHEMICAL RELEASE INVENTORY SYSTEM DATABASE 

7.1 DESCRIPTION OF TOXIC CHEMICAL RELEASE INVENTORY SYSTEM 
DATABASE 
The Toxic Chemical Release Inventory System (TRIS) database 

is comprised of information gathered from U. S .  Environmental 
Protection Agency (EPA) Form R, the Toxic Chemical Release 
Inventory Reporting Form. Section 313 Title I11 of the Superfund 
Amendments and Reauthorization Act (SARA) requires every refiner 
to submit EPA Form R for each of its refining facilities. The 
EPA Form R consists of four parts: 

4 

e facility identification information; 

0 off-site locations to which wastes with chemicals are 
transferred; 

0 chemical-specific information including chemical 
identity, uses of the chemical in the facility, waste 
treatment methods and their efficiencies, releases of 
chemicals to the environment on site, and transfers of 
the chemical in wastes to off-site locations; and 

e supplemental information including additional 
information on releases of chemicals to the environment 
on-site, transfers of the chemicals in waste off-site, 
and waste treatment methods and efficiencies. 

The TRIS database is comprised of over 300 chemicals/compounds 
listed in SARA Title 111. However, only 153 of the 190 hazardous 
air pollutants (HAPIS) listed in the 1990 Clean Air Act 
Amendments are included on the SARA Title I11 list. 
7.2 ANALYSIS OF DATA FROM TOXIC CHEMICAL RELEASE INVENTORY 

SYSTEM 
Radian Corporation accessed the EPA's 1989 TRIS database and 

tabulated reported emissions from petroleum refineries for the 
153 HAP'S in TRIS. Air releases are divided into just two 
categories: fugitive and point. Fugitive emissions include 
releases from source types such as equipment leaks and wastewater 
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c 

operations. Point emissions include releases from source types 
such as process vents, storage tanks, and transfer operations. 
Only 66 of the 153 HAP'S were reported as being released from 
refineries. The database includes 202 refineries from the 
United States, Puerto Rico, and the Virgin Islands. The 
emissions data from these refineries are summarized in Tables 7-1 
and 7-2. 

Table 7-1 ranks the HAP'S by the number of facilities 
reporting releases of each chemical. Total emissions from point 
sources, fugitive sources, and total air releases (point plus 
fugitive) are calculated to be 6,936 tons per year (tpy), 
12,326 tpy, and 19,262 tpy, respectively. Only 5 chemicals 
(benzene, toluene, xylenes, ethyl-benzene, and chlorine) are 
reported by over 100 refineries. These 5 chemicals account for 
63.9 percent of the reported emissions by mass of the total air 
releases. The 10 most commonly reported chemicals account for 
71.7 percent of total emissions. Benzene is the most frequently 
reported HAP, with 184 out of 202 refineries reporting emissions. 
Benzene constitutes 14.3 percent of the releases. 

The top 5 chemicals (toluene, xylenes, benzene, methyl ethyl 
ketone, and ethyl-benzene), ranked in terms of mass releases, 
account for 75.2 percent of the total air releases and the top 
10 chemicals account for 88 percent. Toluene has the largest 
emissions, with air releases totalling 5,428 tpy for 
182 refineries. It constitutes 28.2 percent of the total air 
releases. 

Table 7-2 ranks each HAP according to total air releases. 

The average number of chemicals reported for each refinery 
is six. However; the number of chemicals ranges from as many as 
25 to as few as 1. 

gep. 004 7-2 



n w 

0 a w e: 
D 

w m 

E 

2 

2 
2 
B e 
cr 
C 

* c 
2 
E 

G 

? 
U 
C 
G 
ti z 
a 
P 

U 

2 

a 
21 
0 
c 

G 
D 
a 
0 

E 
C 

L 

r( 

C * 
E 
> 
C 
L 
; 
E 
c 
c 

C 
i 
( 
1 

1 
C 
C 
C 

I 

I 

I 

I 

W E  
4 2  u c  

~ 8 n i n m r l m m m - 4 m ~ n w ~ n w ~ ~ m r l d ~ ~ n ~ ~ i n ~ ~ ~ ~ m o o ~ n n n n n n n ~ n ~ r  A 

~ ~ 6 N m n n e e m m - 4 ~ n i n m m m m m o o o o ~ ~ ~ ~ n ~ ) w w ~ ~ ~ ~ ~ ~ ~ m m m m m m m a  ~ ~ - 4 e ~ ) w w w w w w ~ ~ ~ ~ ~ ~ ~ ~ ~ m m m m m m m m m m m m m m m m ~ m m m m m m m m m o  

. -+E m s  

. . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . I  

~ n r e i n n m ~ ~ ~ ~ n r l ~ m w ~ w d i n ~ v n ~ ) n n ~ n n n i n e ~ o o r l ~ r l w ~ n ~ n w  
n m 0 r l o 0 0 ~ m i n 0 m w N N - 4 - 4 i n d r l w n n n - 4 r r N m o N N r l i n o - 4 o o o r l r - 4 w i n  

k ~ m ~ ~ n ~ m o m m m n n e m m o i n ~ m o r n m ~ m r ~ e I - ) m e i n ~ r ( o m ~ + m O m m n r  
m - 4 m 0 o ~ r l m e w m m ~ ~ r l m m r - 4 r ~ ~ ~ ~ ~ m m i n w m m o ~ ~ i n o m m m m ~ ~ m w ~  
n r o o o m m m n o o m w w d m m e r o m o o r i n m r l m o o m o m n ~ i n m m o m o ~ m n e  m m r l m n  m n i n  

m m  m 
m m  m 

r n r l  
m 

m n  r l r l m r l  n 
r n r l  
m 

d m m 
- 4 O r l r  m w r l r l m w  -4 m w  r l m - 4 - I  m 

m m r  m m r  m i r r n r l  
0) 

-I 

-I 

7 - 3  



5 d 2  C + P) 01 

Ll 'I 

-I 

7-4 



4 

- m 
C d 
rl 

P 
P 

€ G  - 0 c  m l r o  m w c  
S a l "  
" C ¶  
h a  

r l c l  x m r :  & 

- 
0 

J " 
X rl 

E 
a 
a 
m 
I4 m 
E 
P 
4 
v 

a 
V 
d 
V 

d 

rl 

- 
0) 
C 

- 
a, 

Y " 
X 4 

E 
W 

d 
m 
m 

rl - 
a 

- 7-5 



~ ~ O Q O O O O O ~ O O O O O ~ O ~ ~ O O  . . o o o o o o o  . 0 0 0 0 0  0 0 0  
, o r l d d d d d r l o d 4 r l r l r l o d o o d r l  
I O  4 4  

0 0 0  
rl 4 4  0 d 

~ m ~ O O 0 m p m o w m m N O O O O 0 0 O  
> n m m n n ~ w r l w ~ o o m  
> N r l r l d d ~ O ~ N O N N O  
> 0 0 0 0 0 0 O O O O O 0 0  > o o o q q o q o o q o o o  
,o,,,,40??o??9 . . . .  

0 0 0  0 0 0  

~ W ~ m ~ m ~ m m ~ m d d r l 0 0 0 0 0 0 0  
~ ~ ~ N N N ~ ~ ~ O O O Q O O  

> O O O O O O O O O O O 0 0  
. . . . . . . . . . . . . .  

~ m p ~ n n d m 0 0 0 1 d r ( O 0 0 0 0 0 O  
a N N r l r ( r ( r ( 4  

a 0 0 0 0 0 0 0  0 0 0  
9 9 9  . . . . . . . .  

~ r l m n o n o o m m m o o O O O O O O O O  
Y N O d 4 - l  

> 0 0 0 0 0  0 0 0  
9 4 9  . . . . . .  

m 
4 
m 
l4 
a 

a m 

C d  m m m a  4 

~ ~ d w w d p ~ ~ d o m m r l m d m w n p o  
~ - m r l ~ ~ o m m r l 4 m W r l d O O O W + m  
n o 4 0 u 0 r l 0 m m m m w m r D m m m ~ m d  
n N e ~ o m m m o m m w P n d m m m w m O  
~ ~ ~ o m ~ ~ m ~ m m o ~ ~ m ~ ) m m ~ m ~  + m m d  r l m m ~ ) m n m m  
n m m m r l m t -  
n m m m  m 

m m  
n o d 4  rl 

m m  


	1.0 INTRODUCTION
	1.1 Project Objectives
	Methodology
	1.3 Database Limitations

	2.0 PROCESS VENTS AND COMBUSTION SOURCES
	2.1 Background Information
	Boilers
	Engines
	Flares
	Boilers
	Sulfur Recovery Units

	Combustion Sources
	Combustion Source Database
	Factors (lb/MMBtu)



	EQUIPMENT LEAKS
	3.1 Background Information
	3.1.1 Valves
	3.1.2 Pumps and Compressors
	3.1.3 Pressure Relief Valves
	3.1.4 Flanges

	Emission Factors for Leaking Equipment
	Database
	Emission Factors
	3.2.3 Database Limitations and Variability


	6.0 TRANSFER
	6.1 Background Information
	6.1.1 Emissions from Loading Losses
	6.1.2 Other Emission Sources

	Operations
	Database
	6.2.2 Development of Emission Factors

	6.3 Database Limitations
	Factor
	6.3.2 Throughput Factor

	6.4 References

	DATABASE
	Inyentory System Database
	Inventory System

	Sources and Process Vents by Each Refinery
	Process Vent and Combustion Source - Refinery A
	Process Vent and Combustion Source - Refinery F
	Process Vent and Combustion Source - Refinery
	lb/MMStu)

	Refinery C lb/yr).
	Storage Tank Emissions - Refinery K
	gal

	Wastewater Generation Factors gal/bbls).
	Ranked by Frequency of Chemicals being Reported

